Nuclear astrophysics and californium fission neutron spectrum averaged cross sections and their uncertainties for ENDF materials have been calculated. Absolute values were deduced with Maxwellian and Mannhart spectra, while uncertainties are based on ENDF/B-VII.1, JEFF-3.1.2, JENDL-4.0 and Low-Fidelity covariances. These quantities are compared with available data, independent benchmarks, EXFOR library, and analyzed for a wide range of cases. Recommendations for neutron cross section covariances are given and implications are discussed.
INTRODUCTION
Calculations of integral values at NNDC have been conducted in parallel with the ENDF/B-VII library releases [1, 2] . These values represent the complementary data sets for nuclear astrophysics, industry, and data evaluation applications. First results on reaction rates and neutron cross sections [3] have demonstrated a large potential of ENDF/B-VII for applications, such as KADoNiS stellar nucleosynthesis library [4] . Further interactions with the fundamental and applied science communities have initiated work on the extended list of integral values and their uncertainties [5] [6] [7] . Calculations of nuclear astrophysics and californium fission neutron spectrum averaged cross section (i.e. californium spectrum) uncertainties are presented in the following sections.
II. MAXWELLIAN-AVERAGED CROSS SECTIONS UNCERTAINTIES
Nuclear data covariances are essential for fundamental and applied nuclear science and technology. They provide the experimentally-observable uncertainties that are necessary for application development. Maxwellian-averaged cross sections and their uncertainties have been calculated in recent years [3, 5] . Fig. 1 shows cross section uncertainties for ENDF/B-VII.1 evaluated library, Low Fidelity project, and KADoNiS database [2, 4, 8] demonstrate nuclear astrophysics value of ENDF and Low Fidelity covariances for stellar nucleosynthesis research. At * Corresponding author: pritychenko@bnl.gov the same time, the ENDF/B-VII.1 and Low Fidelity uncertainties are relatively large for precise calculations. The stellar nucleosynthesis calculations require the stringent cross section uncertainties in order <3% to finalize the branching of the s-process path. However, even a specially-designated KADoNiS library, at the present state, cannot satisfy this requirement, and further research is necessary. [2, 4, 8] . Data are taken from [5] . 
FIG. 2. (Color online)
The ratio of calculated ENDF/B-VII.1 californium spectrum neutron cross sections using Maxwellian, kT=1420 keV, and Mannhart spectra [5, 10] .
252 Cf is often used in nuclear physics as a compact, portable and intense neutron source. Its neutron energy spectrum is similar to a fission reactor, with an average energy of 2.13 MeV. This is very convenient for ENDF libraries validation tests in the fast region, even though it is not exactly representative of a fast reactor spectrum (being hotter) [9] .
For evaluation purposes, 252 Cf spectrum neutron fission and capture averaged cross sections were calculated using Maxwellian-averaged (kT=1420 keV) spectrum and Mannhart evaluation [5, 10] . Fig. 2 shows the ratio of calculated californium spectra cross sections using Maxwellian, and Mannhart approaches for ENDF/B-VII.1 library. This ratio indicates that Maxwellian spectrum provides a reasonable fit of californium data, however, it falls short of being used for nuclear standards and dosimetry purposes. Consequently, the Mannhart evaluation has been chosen for calculation of californium spectrum cross sections.
Presently, the original and 640-group representations of Mannhart evaluation are frequently considered. To evaluate a possible spectrum representation impact, neutron cross sections have been calculated using the both formats. Figs 
FIG. 4. (Color online)
The ratio of ENDF, JEFF, and JENDL calculated californium spectrum neutron capture cross sections using the original and 640-group Mannhart spectra [10] .
Following the nuclear dosimetry example, 252 Cf spectrum neutron fission averaged cross sections for major evaluated libraries: ENDF/B-VII.1, JEFF-3.1.2, and JENDL-4.0 [2, 11, 12] have been produced using the 640-group format and shown in the Table I . These data are in a good agreement with the previously-published CIELO values [9] . Californium spectrum neutron capture averaged cross sections are available upon request. 
IV. CROSS SECTION UNCERTAINTIES ANALYSIS AND RECOMMENDATIONS
To evaluate ENDF libraries covariances in the fast neutrons region I will consider Maxwellian, and californium spectra cross sections uncertainties, and deduce recommendations. Visual inspection of the shown in Figs. 5, 6 data allows to spot the "suspect" cases, where uncertainties are not very useful for application development. These somewhat unrealistic uncertainties of above 100 and below 1 % originate from theoretical models and fitting procedures, respectively. The summary of re-analysis of the previous Maxwellian data (kT=30 keV) [5] and analysis of the current Mannhart spectrum uncertainties for ENDF/B-VII.1 library is shown in the Table II. The present analysis suggests the following recommendations for ENDF integral values and covariances: 2. Nuclear astrophysics and energy applications require covariances for all ENDF materials.
Realistic covariances are needed:
• Covariance matrices that result in >100 % cross section uncertainties should be avoided, such large uncertainties are not very useful for application development.
• Covariance matrices that result in <1 % cross section uncertainties are not realistic; strong contradiction with the best experiments.
• Presently, covariance matrices produce wide variations of cross section uncertainties within 0.5-120 % range. This spread should be kept within 3-50 % range. 4. Multiple MF=33 covariance matrices can be confusing.
V. CONCLUSIONS
The previously-calculated ENDF/B-VII.1 and LowFidelity Maxwellian-averaged cross section uncertainties have been re-analyzed. Californium spectrum neutron fission and capture averaged cross sections and their uncertainties have been calculated for ENDF/B-VII.1, JEFF-3.1.2, and JENDL-4.0 nuclear data libraries. Recommendations for ENDF covariances have been deduced using the application development needs.
